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Effective Sommerfeld parameters in the three-body Coulomb continuum problem
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The three-body Coulomb continuum wave function as a product of three two-body Coulomb wave functions
is modified by the introduction of aAnsatzfor effective Sommerfeld parameters corresponding to the modi-
fication of a particular two-body Coulomb interaction by the presence of the third particle. The triple-
differential cross sections for electron-impact ionization of atomic hydrogen at incident energies of 54.4 and
150 eV in asymmetric geometry are calculated. We generally find that this approach gives good agreement
with experiment, though some small quantitative discrepancies refiglif50-2947®7)50110-7

PACS numbd(s): 34.80.Dp

The process of electron-impact ionization of atoms hasqual energies. Based on the same consideration, Berakdar
attracted wide interest both experimentally and theoreticaljhas successfully derived an approximate analytical solution
for many years. The experiment determines the incident eref the quantum-mechanical three-body Coulomb continum
ergyE,, the final-state electron energis andE,, and the  problem[7]. However, this work is not very practical.
corresponding momentg andk,. As a result, the kinemat- ~ The goal of the present paper is to advance the work
ics of each ionizing event is fully determined and the mostof Berakdar and Briggq4] by formulating the effect-
detailed information, i.e., the triple-differential cross sectionive Sommerfeld parameters for any case to modify the
(TDCS) is provided. For theorists, the challenge has been t®BK wave function. For convenience, now the BBK wave
develop a theory capable of explaining these observationdunction is referred to as 3C because it is a product of
For energies greater than about six times the ionization erfhree Coulomb wave functions. The Sommerfeld parameter
ergy, several different approaches are in reasonable agre@=ZaZptatn/Kap iS @ measure of the strength of the Cou-
ment with the existing data. However, the problem of thelomb interaction between particles of chargégd and Z,,,
low-energy ionization process is still one of the basic un-reduced massu,,, and relative momentunk,,=puapKa
solved problems of atomic physics, although a number of-kp| conjugate ta ,,=|r,—ry|. Because the strength of the
theoretical studies have been devoted to this problem. Painteraction of any two particles is affected by the presence of
ticularly noteworthy are the pseudostate close-coupling third particle, the new Sommerfeld parameters introduced
(PSCQ calculations of Curran and Waltef4], the three- here are functions of all three relative momenta. The modi-
body distorted-wave Born approximati¢8DWBA) calcula-  fication of the strength of a particular two-body Coulomb
tions of Joneset al. [2], the convergent close-coupling interaction depends on the momenta of the two particles rela-
(CCO calculations of Brayet al. [3], and the work of tive to the third one in question, which represents a dynamic
Berakdar and Brigg§4]. screening(DS) of the three two-body Coulomb interactions

It is well known that a significant advance in the theory ofand hence the new wave function will be designated as
electron-impact ionization was achieved by Brauner, BriggsPS3C. As can be seen in Rd#], the new momentum-
and Klar[5] (hereafter to be referred to as BBKvho per- dependent Sommerfeld parametgsare introduced simply
formed the first calculation for electron-atom ionization us-by a linear transformation from the original set, i.e.,
ing a final-state wave function that satisfied the asymptotic
three-body Schidinger equation exactly. Unfortunately, the 3
BBK model is not in agreement with the measurements for B
low energies. As can be seen in Ref], the major limitation Bi _j§=:l Aijaj, @
of the BBK work lies in the fact that influence on the
strength of the interaction of any two particles by the pres-
ence of a third one has not been taken into account. Sqyhere the nine coefficients;; e R andi=1, 2, or 12 desig-
Berakdar and Briggs corrected the deficiency of the BBKnate the two-body interaction of the two electrons with the
wave function, while still maintaining the philosophy, by the residiual ion and the electron-electron interaction, respec-
introduction of effective Sommerfeld parameters in the two-tively; and the condition
body factors in the BBK wave functiop], and the results
turned out to be in good agreement with experimental find-
ings over a wide range of collision geomefn;6]. Note that Bi+ Bot Bro=atartaqy (2
the modification performed by Berakdar and Bridds is

limited for the case in which the escaping electrons havehould be satisfied. The original two-body Sommerfeld pa-
rameters are
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FIG. 1. TDCS for electron-impact ionization of hydrogen at incident en&gy 150 eV. The circles are the experimental measurements
of Ehrhardet al. [10]. Theories: solid curve, DS3C of this work; broken curve, CCC of R&f.dotted curve, 3C of Ref5].

whereZ is the charge of the residiual ion.
For the symmetric caske;=k,=k, the new Sommerfeld
parameters are readily given by Berakdar and Brigdsas

Z—sind/4
B1=Br=— EEva—

(4)

_1-sirfg
B1o= SKsing 5

wheref=(cos 1kl 2)/2 varies from/2 to zero. It is easy
to find that whend=#/2, 8,,=0. The classical interpreta-
tion is that when the residiual ion is between the two elec-



RAPID COMMUNICATIONS

R2516 CHEN, SHI, ZHANG, CHEN, AND XU 56
3.5 3 o
@) §=4° E2=10 eV - (a) §1=4° Ea=5 eV
8 e 25
25 -
9 n
Q B Q
E 1.5 E
0 i 1
-180 -120 -60 0 60 120 180
02 (deg) 62 (deg)
3 2
(h) #1=10° Eo=10 eV - (b) 81=10° E2=5 eV
7)) [2]
4] Q
8 =
-180 -120 -60 0 60 120 180
02 (deg) 02 (deg)
61=16° E2=10 eV 01=16° Ex=5eV
7)) [72]
Q O
a =

82 (deg)

8> (deg)

. FIG. 2. TDCS for electron-impact ionization of hydrogen at
FIG. 1. (Continued) incident energyE,=54.4 eV. The circles are the relative measure-

. . . ments of Brauneet al. [11]. Theories; solid curve, DS3C of this
trons t_he eleCtro,n'eleCtron 'r_]ter‘f"cnon IS subsuneean- . work; broken curve, CCC of Reff3]; dotted curve, 3C of Refl11].
pletelyin an effective electron-ion interaction. However, this
is only true for the symmetric case considered in Réf. ) . )

For the asymmetric cadg #k,, the electron-electron inter- Other electron. Then the effective charge of the ion registered
action cannot be subsumed completely by the effectivdy the two outgoing electrons should be in the range

electron-ion interaction whei= 7/2 and hencg8;,#0. On  Z—1<Zs<Z, andZ—Z askj—x (i#]; i,j=1,2). Based

the other hand, for the two outgoing electrons, the effectiveon this consideration, we finally arrive at the representation

charge of the ion registered by one electron reduces as thef the new Sommerfeld parameters for any geommetry case,

momentum of this one increases due to the screening of thas
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Ky _ [ky— ko In Fig. 2 are shown the 54.4-eV results. The measure-
Z— Ik, (5|n20)< 1- ko, ) ments of Brauneet al.[11] are not absolute and have been
B1=— K , (6) normalized using the best visual fit to CCC theory using a
1 single multiplicative constar]i3]. The present DS3C calcu-
, Iky— k| Iatior_1§ also show the_improvement over the 3C rgsults in
Z— Y (sin20)< 1— K ) obtaining better magnitudes and shapes, and continue to be
Bo=— 12 12 , (7) in agreement with the experimental data and the CCC calcu-
ka lations, while neither the PSCC nor the 3DWBA predict the
K —K gualitative shape of the experimental data at this enétgy
1— (sinza)( 1— LS 2|) results of PSCC and 3DWBA are not shown in this paper but
_ 4k1o can be seen in Reff3,2)]), although both the approaches are
B12= 2K, ’ (8) in good ageement with experiment at an energy of 150 eV.

The location of the binary peak predicted by the 3DWBA is

Note that wherk,;=k,, the above representation is identical shifted by about 20° from experimef]. The 20° shift in
to those of Ref[4] [Egs.(4) and (5)]. the binary peak for 54.4 eV might stem from the fact that the
In an earlier papef8], we have calculated the TDCS for asymptotic form of the final-state electron-electron correla-
electron-impact ionization of helium in a symmetric coplanariion actor is used in the 3DWBA. Furthermore, although the
energy-sharing geometry a,t incident energies from 4,5 10 508p\yBA has used the distorted wave for the initial state, the
eV and an angle of 45° using the DS3C wave function Pr€iesults of 3DWBA are not in better agreement with experi-

sented by Berakdar and Brigdd], and found excellent ment than those of the present DS3C. So, it may be deduced

agreement with the absolute measuren{_@ﬂltln this work, that employment of the distorted wave for the initial state is
we apply the present DS3C wave function to the calculata-

tion of TDCS for electron-impact ionization of hydrogen in not very helpful for eltlactron—atom. coIIisions_, provided that
asymmetric geometry. To our knowledge, the latest lowesttN€ correct wave function for the final state is used.
Recently, Jonest al.[12] have also performed the calcu-

incident-energy measurements available for hydrogen in | X | HIGVE «
asymmetric geometry are due to Ehrhaedtal. [10] and lations for electron-impact ionization of hydrogen at 150 and
Brauneret al. [11]. 54.4 eV using the DS3C model proposed by BeraKdar

In Fig. 1 the present TDCS results for a projectile energyHowever, their results turned out to be in worse agreement
of 150 eV together with the 3(5] and CCC[3] results are ~ With experiment than the present resullts.
compared with the experiment. The experimental data are In summary, a different approach to the three-body Cou-
relative measurements for three angles of the fast electrol@mb continuum, in which new Sommerfeld parameters are
and three energies of the slow electron normalized experintroduced for both symmetric and asymmetric cases, gives
mentally[10]. It can be seen that the present results are irgood agreement with the experiment and the CCC calcula-
very good agreement with the CCC results and experimentions and hence shows the improvement over the BBK re-
The 3C underestimate of cross sections in the binary peak isults in obtaining better magnitudes and shapes of cross sec-
corrected by the DS3C. However, the DS3C still underestitions. This modification of the BBK wave function has
mates the cross section in the recoil peak for small scatteringemoved its major deficiency.
angles of 4° and 10°. The fact that the two significantly dif-
ferent theories are in good agreement with each other but not
with the experimental data for these cases is striking and This work is financially supported by the National Natural
difficult to explain. Further experimental investigation would Science Foundation of China and the National Education

be very helpful. Committee of China.
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